Abstract. Over the last years, multimedia content has become more prominent than ever. Particularly, video streaming is responsible for more than a half of the total global bandwidth consumption on the Internet. As the original Internet was not designed to deliver such real-time, bandwidth-consuming applications, a serious challenge is posed on how to efficiently provide the best service to the users. This requires a shift in the classical approach used to deliver multimedia content, from a pure Quality of Service (QoS) to a full Quality of Experience (QoE) perspective. While QoS parameters are mainly related to low-level network aspects, the QoE reflects how the end-users perceive a particular multimedia service. As the relationship between QoS parameters and QoE is far from linear, a classical QoS-centric delivery is not able to fully optimize the quality as perceived by the users. This paper provides an overview of the main challenges this PhD aims to tackle in the field of end-to-end QoE optimization of video streaming services and, more precisely, of HTTP Adaptive Streaming (HAS) solutions, which are quickly becoming the de facto standard for video delivery over the Internet.
Introduction
Nowadays, multimedia applications are responsible for an important portion of the traffic exchanged over the Internet. As an example, video streaming is responsible for more than a half of the total global bandwidth consumption on the Internet [1] . The continuous growth of these bandwidth-consuming and real-time applications poses a serious challenge on how to efficiently deliver multimedia content over the Internet. As an efficient delivery depends on the quality as perceived by the final user, the so-called Quality of Experience (QoE), a shift is required from a classical Quality of Service (QoS)-to a full QoE-centric delivery. In this perspective, networks and services should be managed in order to guarantee specific QoE levels instead of classical QoS parameters, which are unable to reflect the actual delivered QoE. A pure QoE-centric management is challenged by the nature of the Internet itself, as the Internet was not originally designed to support today's complex and high demanding services. In this PhD we investigate this challenging topic in detail and focus on the following research questions: (i) how cooperation can be envisioned between the network and the applications to increase the QoE? (ii) how applications' algorithms can be made adaptive to highly varying network conditions? (iii) how to guarantee fairness from a QoE perspective to applications competing for shared network resources?
QoE-Centric Delivery of Adaptive Video Streams
This PhD research covers the design of an architecture and algorithms for the efficient management of multimedia content. Particularly, we focus on the efficient delivery of HTTP Adaptive video Streaming (HAS).
Motivation
HAS techniques have become very popular due to their flexibility, and can therefore be considered as the de facto standard for video streaming services over the Internet. Recently, a standardized solution has been proposed by MPEG, called Dynamic Adaptive Streaming over HTTP (DASH). In HAS, each video is temporally segmented and stored in different quality levels. Rate adaptation heuristics, deployed at the video player, allow the most appropriate level to be dynamically requested, based on the current network conditions. Nevertheless, several inefficiencies have still to be solved in order to further improve users' QoE. As reported by Akshabi et al., current heuristics perform sub-optimally when sudden bandwidth drops occur, therefore leading to freezes in the video play-out, the main factor influencing users ' QoE [2] . This issue is aggravated in case of live events, where the video player buffer has to be kept as small as possible in order to reduce the play-out delay between the user and the live signal. Moreover, current solutions have been shown to be underperforming in a multi-client scenario [3], [4], [5] . Concretely, this means that clients streaming video at the same time negatively influence each other as they compete for shared network resources. Fairness issues are not due to TCP dynamics, but mainly arise from the rate adaptation algorithms, as they decide on the actual rate to download [3] . In this PhD, we aim to solving the aforementioned problems arising in the delivery of HAS streams. Particularly, we focus on two complementary aspects: (i) novel client-based rate adaptation heuristics to improve users' QoE and (ii) network-based systems to efficiently deliver HAS streams.
Proposed Approach and Methodology
As introduced previously, a drawback of current HAS systems is their unmanaged nature. In a classical HAS system, no information exchange is envisioned between the clients and the network nodes. The goal of this PhD is to reverse this paradigm in order to fully optimize the delivery of HAS streams, i.e., provide a better QoE and improve fairness among competing clients. Particularly, we focus on multi-client scenarios, where multiple clients stream video at the same time. A fundamental aspect to consider in this setting is that the rate adaptation
